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the second power line are connected at their far ends
and a power supply system for electric vehicle that sup-
plies electric power to an electric vehicle by means of
said first power line or said second power line. the first
power line and the second power line have a bypass line
that interconnects from the power to the connection at
the far end.
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Description
TECHNICAL FIELD

[0001] This invention relates to power supply systems
and power supply facilities for electric vehicle.

BACKGROUND ART

[0002] Transportation methods in which power is sup-
plied from an overhead power line to drive a powered
vehicle are now widely used. The main applications have
been electric vehicle, trams, and trolleybuses, but recent-
ly, as disclosed in Patent Document 1, dump trucks are
also being used.

CITATION LIST
PATENT DOCUMENT

[0003] Patent Document 1 JP 2013-17315 A

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] Electric vehicle powered by overhead power
lines, except for loop lines, are operated separately for
each return trip. In this case, when operated on a flat line,
itis difficult to cause an imbalance in power consumption
between the power electric vehicle on the upstream side
and the downstream side. However, when the electric
vehicle are operated mainly in areas with continuous gra-
dients in one direction, such as mountainous areas or
slopes of open-pit mines, the uphill side consumes power
to drive the electric vehicle motor, while the downhill side
descends under its own weight without consuming pow-
er, or rather generates power by regenerative braking,
etc., and the uphill side consumes power to drive the
electric vehicle motor. Even if the same amount of power
is supplied to both sides, the upstream side will have
insufficient power and the downstream side will have ex-
cessive power.

[0005] The purpose of this invention is to improve such
issues described above and to provide a means to make
electric vehicle power more efficient in gradient regions.

SOLUTIONS TO PROBLEMS

[0006] One preferred example of the invention has a
power supply system for electric vehicle comprising;
power; a first power line; and a second power line; where-
in the output of the high voltage side from the power line
is fed to the high voltage side of each of the first power
line and the second power line, the output of the low
voltage side from the power line is fed to the low voltage
side of each of the first power line and the second power
line, the first power line and the second power line are
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connected at their far ends and

a power supply system for electric vehicle that supplies
electric power to an electric vehicle by means of said first
power line or said second power line. the first power line
and the second power line have a bypass line that inter-
connects from the power to the connection at the far end.

EFFECTS OF THE INVENTION

[0007] According to thisinvention, the power of electric
vehicle in gradient areas can be highly efficient.

[0008] Further effects of the present invention will be-
come apparent throughout the following description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

Fig. 1 illustrates Example 1.

Fig. 2 illustrates Example 2.

Fig. 3 illustrates a comparative example.

Fig. 4 shows the schematic equivalent circuit of a
comparative example.

Fig. 5 shows the schematic equivalent circuit of the
reference example.

Fig. 6 shows the schematic equivalent circuit of Ex-
ample 1.

Fig. 7 illustrates the schematic equivalent circuit di-
agram of Example 1.

Fig. 8 is another illustration of the schematic equiv-
alent circuit diagram of Example 1.

MODE FOR CARRYING OUT THE INVENTION

[0010] The drawings will be used to illustrate examples
of the invention.

[Example 1]

[0011] Figure 3 illustrates a comparative example in
which electric vehicle is operated up and down in a gra-
dient area. 50 indicates the gradient; PSis power, includ-
ing the case where power is supplied from an external
system; the high-voltage power line connected to the
power PS splits into a high-voltage power line on the
upstream side 1A and a high-voltage power line on the
downstream side 2A, which are reconnected at the far
end. The high-voltage power line connected to power PS
splits into a high-voltage power line on the upstream side
1A and a high-voltage power line on the downstream side
2A, which are again interconnected at the far end. Sim-
ilarly, the low-voltage power line connected to the power
PS splits into a Low-voltage power line on the upstream
side 1B and a Low-voltage power line on the downstream
side 2B, which are again interconnected at the far end.
The power lines are connected to each other again at
the far end.

[0012] M1 isthe upstream electric vehicle. Power from
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the high-voltage power line on the upstream side1 A is
introduced through the high-voltage input of the electric
vehicle via the pantograph PT1 to drive the motor directly
orindirectly. Line M1 has a low-voltage input correspond-
ing to the high-voltage input and is connected to the low-
voltage power line on the upstream sidelB. Figure 3
shows an example of a connection to the metal rail that
makes up the Low-voltage power line on the upstream
side 1B via a metal wheel.

[0013] M2 is the downstream electric vehicle. Power
from the high-voltage power line on the downstream side
2A is introduced through the high-voltage input of the
electric vehicle via the pantograph PT2 to drive the motor
directly or indirectly. downline M2 has a low-voltage input
corresponding to the high-voltage input and is connected
to the low-voltage power line on the downstream side
2B. Figure 3 shows an example of the connection to the
metal rails that make up the Low-voltage power line on
the downstream side 2B via metal wheels.

[0014] The above description includes both cases
where power PS supplies direct current and where it sup-
plies alternating current.

[0015] Pantograph PT1 and pantograph PT2 are not
limited to pantographs, but also trolley poles, as long as
the power feeding function can be realized.

[0016] Since electric vehicle on the up line M1 is an up
line, the motor is driven up while consuming power sup-
plied by the power line. On the other hand, since electric
vehicle on the down line M2 is a down line, it is desirable
to provide a power-generating brake, such as a speed
reducing brake or a power regenerative brake, to reduce
the downward speed of the down line. In this case, the
motor of electric vehicle on the down line M2 functions
as a generator, and the generated power is rather re-
turned to the power line. Thus, electric vehicle on the up
line M1 consumes power and electric vehicle on the down
line M2 supplies power. Therefore, the power consump-
tion of the power electric vehicle on the up line and the
down line is the exact opposite.

[0017] The power situation in this case is explained in
Figure 4, which is a schematic equivalent circuit diagram
of Figure 3.

[0018] In the following explanation, the same symbols
as in Fig. 3, including other figures, have the same func-
tions and are omitted from the explanation.

[0019] Each subscripted r in Figure 4 indicates the
power line resistance at each power line.

[0020] VO is the voltage value near power PS, v1 is the
voltage value at electric vehicle on the up lineM1 on the
upstream side, and v2 is the voltage value at electric
vehicle on the down line M2 on the downstream side.
The flow of power is as shown in i1 and i3, and is directed
from the high-voltage power line on the upstream side!
A to electric vehicle on the up line M1. Conversely, elec-
tric vehicle on the down line M2 are generated by regen-
erative braking, for example, and the power flow is i2 and
i4, which flow from electric vehicle on the up line M1 to
High-voltage power line on the downstream side 2A. The
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direction of the power flow will be as follows.

[0021] The state of power at this time is as follows: (1)
Power consumption by electric vehicle on the up line M1
decreases the energy of the entire system of the power
line.

[0022] (2) The decrease in the overall energy of the
power line system acts on the side of the decrease in
power line voltage. Power regeneration by electric vehi-
cle on the down line M2 increases the overall energy of
the power line system.

[0023] (3) At this time, power PS adjusts the power to
be passed through the power line as well as the power
supply to the power line, and adjusts the energy of the
entire power line system to maintain the power line volt-
age constant.

[0024] (4) However, apart from the above events
caused by the increase or decrease of energy in the entire
system, the current flowing toward electric vehicle on the
up line M1 and the voltage drop on the power line due to
the current cause the power line voltage v1 at the position
of electric vehicle on the up line M1 to be lowerthan the
power voltage vO.

[0025] Equivalent circuit is expressed v1=v0-
i1X(r11+r12)<v0.
[0026] (5) Similarly, the current flowing from electric

vehicle on the down line M2 and the voltage drop on the
power line due to the current causes the power line volt-
age v2 at the position of electric vehicle on the down line
M2 to be higher than the power voltage.

[0027] Equivalent circuit is expressed v2 = v0-
i2X(r21+r22)>v0. This causes the following problems
[0028] (A) If the power line voltage v1 decreases at
electric vehicle on the up line M1, the energy that can be
used by electric vehicle on the up line M1 to maintain
speed, accelerate, etc. is reduced, resulting in the prob-
lem of reduced acceleration and, consequently, reduced
speed. This causes the problem of reduced acceleration
and, consequently, reduced speed.

[0029] (B)Ifthe powerline voltage increases at electric
vehicle on the down line M2 due to the power supply from
electric vehicle on the down line M2 to the power line,
the voltage withstand capacity of electric vehicle on the
down line M2 may be exceeded. Another option is to pre-
drop the voltage from the power PS to the power line to
avoid this, but this would cause another problem by re-
ducing the driving power of the electric vehicle on the up
line M1.

[0030] (C) As a reference example, as shown in Fig.
5, while there is only one power PS in Fig. 3, it is possible
to divide the power PS into the first power PS1 for the
uplink line and the second power PS2 for the downlink
line, and set the voltage of the first power PS1 higher and
the second power PS2 lower. The voltage of the first pow-
er PS1 is high and the voltage of the second power PS2
is low. In this case, however, the cost of the power PS
would simply double in this case as well. Also, with mu-
tually different voltages, the current.suppression be-
tween the high-voltage power line on the upstream sidelA



5 EP 4 238 816 A1 6

and the high-voltage power line on the downstream
side2A, which are connected at the ends, will be a new
challenge. The new challenge will be the current sup-
pression between the high-voltage power line on the up-
stream sidelA and the high-voltage power line on the
downstream side2A.

[0031] Therefore, the present invention features by-
pass wiring, which connects the high-voltage side of the
line on the upstream side and the low-voltage side of the
line on the downstream side until they are reconnected
to each other at the end (far end) from the branch on the
power PS side.

[0032] Figure 1illustrates this example, a power supply
system for electric vehicle. Difference between Fig.3 are
the following: High-voltage power line on the upstream
side 1 A and high-voltage power line on the downstream
side 2A are electrically connected by high voltage side
bypass wiring 10A, High voltage side bypass wiring 1 1A.
Low-voltage power line on the upstream side 1 B and
low-voltage power line on the downstream side 2 B are
electrically connected by low-voltage side bypass wiring
1 0 B, low-voltage side bypass wiring 1 1 B.

[0033] In other words, by electrically connecting the
power lines of multiple electric vehicle tracks and making
some of the power lines parallel circuits, the impedance
can be lowered and the voltage drop on the power lines
between power PS and electric vehicle on the up line M1
can be reduced. This results in a smaller voltage drop on
the power line between power PS and electric vehicle on
the up line M1. As a result, the voltage drop on the power
line due to electric vehicle on the up line M1 and the
voltage rise on the power line due to electric vehicle on
the down line M2 can be suppressed.

[0034] Inotherwords,the voltage drop caused by elec-
tric vehicle on the up line M1 can be compensated by the
voltage increase caused by electric vehicle on the down
line M2 in a short distance. Since the voltage drop due
to electric vehicle on the up line M1 is compensated in a
short distance, the influence of the power line resistance
is less than in the comparative example without the by-
pass line, and the effect of the compensation can be im-
proved:

[0035] This effectis due to the direct exchange of pow-
er between electric vehicle via the electrical connection
between the power lines of multiple electric vehicle, i.e.,
the power regenerated from the braking or braking elec-
tric vehicle is consumed by the power electric vehicle,
which reduces the current flowing in the power lines be-
tween power and the connection point between the pow-
er lines and reduces the voltage drop on the power lines
between power and electric vehicle.

As aresult, it is possible to suppress the power line volt-
age drop in a power electric vehicle and the power line
voltage rise in a braking or braking electric vehicle.
[0036] Figure 1 shows an example of two bypass lines
each on the high-voltage and low-voltage sides, but does
not exclude the case of one bypass line.

[0037] In Figure 1, two bypass lines are shown for the
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high-voltage side and the low-voltage side, but this does
not preclude the use of three or more bypass lines, which
should be designed according to the extension length of
the power lines.

[0038] In Figure 1, the same number of bypass lines
are illustrated for the high-voltage and low-voltage sides,
but if the low-voltage side has a stable potential environ-
ment, the number of bypass lines on the low-voltage side
may be less than that on the high-voltage side.

[0039] The invention also includes an example where
the bypass line is only provided on the high voltage side,
depending on the stability of the low voltage side.
[0040] In Figure 1, there is one electric vehicle each
for the up and down lines, but there can be multiple elec-
tric vehicle each, or even an unbalanced number of elec-
tric vehicle on the up and down lines. The more such
actual use istaken into consideration, the more important
and superior the invention becomes.

[0041] Figure 6 is a schematic equivalent circuit dia-
gram for the case of Fig. 1. It is corresponding to the
Figure 4 in case of Figure 3.

[0042] Figure 7 illustrates the exchange of power
through the bypass line between electric vehicle on the
up line M1 and electric vehicle on the down line M2 when
a bypass line is provided in Figure 6. The thick dashed
line in the figure shows the exchange of power: regen-
erative power generated by electric vehicle on the down
line M2 is supplied to electric vehicle on the up line M1
by means of a bypass line connecting the power lines on
the high-voltage side. The same is true on the low voltage
side.

[0043] Figure 8 illustrates another power flow through
the bypass line in Figure 6, showing a route where re-
generative power from electric vehicle on the down line
M2 is also consumed by the power line resistors on the
up line before returning to power PS. It can be understood
that the effect of parallelization by the bypass line can be
achieved even in situations where the number of electric
vehicle on the up line M1 is less than the number of elec-
tric vehicle on the down line M2, or where electric vehicle
on the up line M1 is temporarily absent.

[0044] When power PS is AC, the notation of the high-
voltage side and the low-voltage side will be interchanged
according to the phase of the AC, so the configuration of
the high-voltage side and the low-voltage side in Figure
1 should be close to the same.

[0045] According to this example, the power of electric
vehicle in a gradient region can be highly efficient.

[Example 2]

[0046] Figure 2 illustrates Example 2, a power supply
system for electric vehicle. The difference from Figure 1
is that the low-voltage power line on the upstream side
1B and the low-voltage power line on the downstream
side 2B are configured as overhead power lines instead
of rails. 2 denote the road surface.. In Figure 2, power
from the high-voltage power line on the upstream side
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1A is fed through the first conducting pole to electric ve-
hicle on the up line M1, and then through the second
conducting pole to low-voltage power line on the up-
stream side 1B via the second conducting pole. Similarly,
power from the high-voltage power line on the down-
stream side 2A is fed through another first conducting
pole to electric vehicle on the down line M2 and through
another second conducting pole to low-voltage power
line on the downstream side 2B.

[0047] This example is suitable for applications such
as electric trucks. If the slope is steep and the wheels
are equipped with non-metallic wheels, such as those for
rubber tire drive, the configuration shown in Figure 2
would be used instead of Figure 1. However, the equiv-
alent circuit is the same in Figure 2 as in Figure 1, and
the various explanations and disclosed ideas in Example
1 are also directly applicable to Example 2.

[0048] When power PS is AC, the configuration in Fig-
ure 2 allows the same conditions for the high-voltage side
configuration and the low-voltage side configuration, so
this configuration is particularly suitable when AC is sup-
plied to the power line.

[0049] According to this example, in a electric vehicle
power supply system where the low-voltage power line
on the upstream side 1B and the low-voltage power line
on the downstream side 2B are configured as overhead
power lines instead of rails, the power supply for the elec-
tric vehicle can be highly efficient. In systems where the
low-voltage power line on the upstream side 1B and the
low-voltage power line on the downstream side 2B are
configured as overhead power lines instead of rails, elec-
tric vehicle power can be highly efficient.

[0050] The above example is described as an electric
power supply system for electric vehicle, but it can also.
be applied as an electric power supply facility.

REFERENCE SIGNS LIST
[0051]

1A High-voltage power line on the upstream side
2A High-voltage power line on the downstream side
1B Low-voltage power line on the upstream side
2B Low-voltage power line on the downstream side
PT1, PT2 pantograph

M1 Electric vehicle on the up line

M2 Electric vehicle on the down line

10A, 11A High voltage side bypass wiring

10B, 11B Low-voltage side bypass wiring

50 gradient

PS Power supply

Claims

1. A power supply system for electric vehicle compris-
ing;
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power;
a first power line;

and a second power line;

wherein the output of the high voltage side from
the power line is fed to the high voltage side of
each ofthe first power line and the second power
line,

the output of the low voltage side from the power
line is fed to the low voltage side of each of the
first power line and the second power line,

the first power line and the second power line
are connected at their far ends and

a power supply system for electric vehicle that
supplies electric power to an electric vehicle by
means of said first power line or said second
power line.

the first power line and the second power line
have a bypass line that interconnects from the
power to the connection at the far end.

A power supply system for electric vehicle according
to claim 1,

characterized in that the number of bypass lines is
formed more on the high-voltage side than on the
low-voltage side.

A power supply system for electric vehicle according
to claim 1,

characterized in that the poweris AC, the first pow-
erline and the second power line are formed as over-
head lines, and the number of bypass lines is equal
on the low voltage side and the high voltage side.

The power supply system for electric vehicle accord-
ing to claim 1,

any one of the preceding claims, characterized in
that the first power line and the second power line
are configured in inclined sections.

The electric power supply system for electric vehicle
according to claim 4,

characterized in that the electric vehicle has a re-
generative brake or a regenerative brake that gen-
erates electricity when the vehicle is slowed down.

The electric power supply facility comprising:

power;
a first power line;

and a second power line;

wherein the output of the high voltage side from
the power line is fed to the high voltage side of
each ofthe first power line and the second power
line,

and the output of the low voltage side from the
power line is fed to the low voltage side of each
of the first power line and

the second power line,
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the first power line and the second power line
are connected at their far ends and

apower supply facility that supplies electric pow-
er to electric vehicle by means of said first power
line or said second power line,

the first power line and the second power line
have bypass lines that interconnect from the
power to the connection at the far end.

The electric power supply facility according to claim
6, characterized in that the number of bypass lines
is more on the high-voltage side than on the low-
voltage side.

The power supply facility according to claim 6,
wherein the power is AC, the first power line and the
second power line are overhead lines, and the
number of bypass lines is equal on the low voltage
side and the high voltage side.

The power supply facility according to any one of
claims 6 or 8,

characterized in that the first power line and the
second power line are configured in an inclined sec-
tion.

Electric power supply facility according to claim 9,
characterized in that the electric vehicle has a
speed reducing brake or regenerative brake that
generates electricity when the vehicle is slowed
down.
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